Bottom-water aquifer has been considered as an unfavourable condition for polymer flooding. It causes the excessive water production which might cause the abandonment of the operation. A number of researches have focused on the identification and remediation of such problems. Among suggested solutions, the polymer injection has been known as the effective treatment to increase the profits. For better performance and maximum profit, the operating conditions of polymer flooding regarding the location of injection well and the concentration of polymer solution need to be thoroughly investigated. In this work, numerical simulations were used to examine the effects of the conditions on performance of polymer flooding under bottom-water aquifer oil reservoir.
Introduction
Bottom-water aquifer has been considered as an unfavourable condition for polymer flooding. It causes the excessive water production which might cause the abandonment of the operation. A number of researches have focused on the identification and remediation of such problems. Among suggested solutions, the polymer injection has been known as the effective treatment to increase the profits. For better performance and maximum profit, the operating conditions of polymer flooding regarding the location of injection well and the concentration of polymer solution need to be thoroughly investigated. In this work, numerical simulations were used to examine the effects of the conditions on the performance of polymer flooding under bottom-water aquifer oil reservoir.
This work describes a fully integrated evaluation of the polymer Enhanced Oil Recovery project applied on the reservoir with strong bottom-water aquifer. The comparison was made quantitatively regarding the oil recovery, water cut, and economic feasibility of polymer flood to find the optimal design of injection well location and polymer concentration. The NPV has been used to evaluate the economics of the work. Not only the operating conditions, but also geological properties of the reservoir have uncertainties. Considering these uncertainties, the effects of the undetected geological event on the NPV of polymer flooding is analysed by sensitivity analysis.
Results
During oil recovery, the injected fluids were distributed by the water influx from the aquifer. As shown in Figure 1 , the oil displacement exhibited the close relationship with the sweep efficiency. To analyze the effects of operating conditions on the sweep efficiency, the shape and location of front between the injected solutions and oil were investigated. For the water flooding, the flow shape of displaced oil looked parallel to the producer in the top layer. The shape implied that only the oil in the upper layers moved into the producer resulting in poor sweep efficiency. The shape of displaced oil in polymer injection was marker than that of water flooding. In the case of water flooding, the front of injection fluid was ambiguous, while the front of polymer flooding was more distinct. It results from the unfavorable mobility ratio. After applying the water flooding, the considerable amount of oil remained in the swept zone. The oil saturation after the water flooding is higher than after polymer flooding. For the cases of injectors at layers 10-12 and layers 13-15, the front flowed even along the vertical cross-section. As the location of injection well was deeper, the oil zone moved showing the piston-like shape in the reservoir. Especially, the mobilization of oil remaining in the bottom of reservoir exhibited a noticeable difference depending on the injector location.
With respect to the NPV, the optimum injection design conditions were examined. The comparison was made in terms of NPV at two year after polymer flooding. As shown in Figure 2 , the NPV over 1,250 ppm is greater than 1 million USD. The result implies that the NPV increases with the polymer concentration due to the improved sweep efficiency. However, when considering both injection well location and the polymer concentration, the result is uncertain. When using polymer concentration ranging from 500 ppm to 1,000 ppm, the optimum location of injection well was at the most bottom layer. However, as the polymer concentration increased, the optimum location for injection well moved upward.
Even though the optimum design was applied in the real oil field, the results from the project can be different from the expectation. The reason is the key uncertainties. There are inherent geological uncertainties which might be undetected that could change the situation. Therefore, possible key parameters must be considered by sensitivity analysis. The sensitivity analysis was conducted with regard to the NPV shown in Figure 3 . The results show that the polymer flooding process is negatively sensitive to ratio between vertical permeability and horizontal permeability, viscosity of oil, and vertical baffle. Reversely, polymer flooding was positively sensitive to thickness of oil column, maximum polymer adsorption quantity, and horizontal baffle. The excessive water production is regarded as more important parameter than the oil recovery, which significantly affects the NPV of 
Conclusions
During a number of simulations to approach optimum polymer flooding productivity on bottom-water aquifer reservoir, following conclusions were reached: 1. With optimal combination of design variables in the work, the incremental of maximum NPV is on a par with 15% of total NPV of the optimum one compared with the poorest case 2. For the unknown geological conditions we studied, the most dominant parameter is proven as the ratio of vertical and horizontal permeability. 3. The results of sensitivity analysis indicate that the controlling water production is major concern.
